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INTEGRATED DEVICE AND METHOD FOR
DRIVING LIGHTING LOADS WITH A
BRIGHTNESS COMPENSATION

This application claims priority to Italian Patent Applica-
tion No. 102015000087426, filed on Dec. 23, 2015, which
application 1s hereby incorporated herein by reference.

TECHNICAL FIELD

The present invention relates to an integrated device and
method for dniving lighting loads, for example LEDs, with
a brightness compensation.

BACKGROUND

As 1s known, LEDs are more and more used 1n lightening
devices (lamps) in increasing fields, due to their advanta-
geous characteristics as to costs, dimensions, duration,
directionality and electrical efliciency, so that the LED lamp
market 1s projected to grow by more than ten-fold over the
next decade.

LED based lamps are used both stand-alone and included
in more complex systems. In the latter case, often a con-
troller 1s configured to manage the operation of a number of
different loads. For example, in the automotive field, control
of the switching of the LEDs and their functionality 1is
generally included in a system. The system includes a
microcontroller and at least one drive device that are formed
in different chips for controlling a number of functions,
including, e.g., mirror adjustment, lock control, direction
indicator, various lightening functions.

An example of such a system 1s shown 1n FIG. 1. Here a
microcontroller 1 has a plurality of controller I/O pins 1A
coupled, through a number of respective connection lines 2,
¢.g., a Serial Peripheral Interface bus, to a drive device 3.
The drive device 3 has a first plurality of drive I/0 pins 3A
coupled with the connection lines 2, a second plurality of
drive I/O pins 3B coupled with external loads 4 (including,
¢.g., motors for mirror adjustment, mirror folding, door
locking, not shown 1n detail) and a third plurality of drive
I/O pins 3C coupled with a plurality of LED groups 5, for
example ten. Each LED group 5, 1n turn, generally includes
a plurality of LED elements 7 series-connected to a respec-
tive resistor 6.

The drive device 3 generally includes an interface, logic
and diagnostic umt 10 coupled to the first plurality of I/O
pins 3A for communication/data exchange with the micro-
controller 1. The interface, logic and diagnostic unit 10 1s
also coupled, through respective driver elements 8, to the
second plurality of drive I/O pins 3B and, through respective
power devices 11, e.g. high-side MOS transistors, to the
third plurality of I/O pins 3C. A supply voltage V5 1s fed to
the blocks of the drnive device 3, including the interface,
logic and diagnostic umit 10, the driver elements 7 and the
power devices 11.

With the architecture of FIG. 1, the LED groups 5 are
generally switched on and off by the interface, logic and
diagnostic umt 10 according to a PWM modulation tech-
nique to control light brightness. In fact, from a physical
point of view, LED brightness 1s correlated to the current
flowing through them and, varying the average current
flowing 1n the resistors 6 through a PWM modulation of the
supply voltage applied thereto, 1t 1s possible to adjust the
brightness according to the requirements.

To this end, generally, the power devices 11 are supplied
according to a standard duty-cycle, in case adapted to the
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specific type and number of LED elements 7, as stored in the
interface, logic and diagnostic unit 10.

In many applications, it 1s desired to maintain a constant
light brightness when the LED elements are on. Brightness
of current LEDs depends on a number of parameters,
including actual supply voltage level. However, in particular
in automotive applications, supply voltage 1s not generally
constant. In fact, in the automotive field, numerous voltage
transients may occur on the supply voltage V -, both negative
and positive caused, for example, by start of a vehicle
engine, which may cause a drop of the supply voltage V,, to
a half of 1ts nominal value (e.g., from 12 V to 6 V), and
switching on/ofl of heavy inductive loads, such as window
opening motors. Therefore, 1n case of varying supply volt-
age, brightness 1s not constant, and flickering may occur,
which 1s undesired.

To avoid this nuisance, the microcontroller 1 may modily
the standard duty-cycle of each of the LED groups 5 so as
to maintain a constant brightness in case of varying supply
voltage. In particular, in presence of supply voltage varia-
tions, the microcontroller 1 may calculate correction factors

of the LED duty-cycle and send suitable control signals to
the drive device 3.

With the above approach, a direct drive input from the
microcontroller 1 to each LED group 5 would be necessary;
therefore, both on the microcontroller 1 and on the drive
device 3 a plurality of dedicated pins would be needed. This
would entail an increase of the number of pins which 1s often
not possible and, 1n any case, undesired.

Even when the existing lines 2 are capable to manage the
brightness correction signals, €.g. by being implemented as
an SPI bus, the frequent vanations of the supply voltage
would cause a high signal traflic on the lines 2, which 1s
disadvantageous.

In addition, a high job load for the microcontroller 1 1s
generated, which may be problematic on account of the
turther control functions carried out by the microcontroller
1.

Moreover, since 1n standard systems the communication
speed on the Serial Peripheral Interface bus implementing
the lines 2 and relevant interfaces in the microcontroller 1
and 1n the drive device 3 1s limited, frequent duty-cycle
adjustment may be not always possible 1n real time, pre-
venting maintaining the desired constant brightness.

Furthermore, since control signal are associated with
clectro-magnetic emissions, a high traflic due to frequent
duty-cycle adjustment may generate a high EMC noise,
which 1s undesired.

Another solution may reside 1n measuring and controlling
the current flowing 1 the LED groups. However, this
solution would mvolve a high power dissipation inside the
power drive device.

SUMMARY

Embodiments of the invention provide a brightness com-
pensation overcoming prior art disadvantages.

According to the present invention, there are provided an
integrated device and method for driving LEDs with a
brightness compensation.

BRIEF DESCRIPTION OF THE DRAWINGS

For the understanding of the present invention, preferred
embodiments are now described, purely as a non-limitative
example, with reference to the enclosed drawings, wherein:
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FIG. 1 shows a schematic diagram of a brightness control
system usable, e.g., in automotive applications;

FIG. 2 1s a schematic diagram of the present brightness
control system;

FIG. 3 1s another schematic diagram of the present
brightness control system; and

FIG. 4 1s a flow-chart of the present brightness control
method.

Hereinbelow, implementations will be described of a
brightness control device integrating driving functions of
LEDs. The same solution may be however applied to other
lighting loads, that may require a brightness adaptation
based on the actual supply voltage.

DETAILED DESCRIPTION OF ILLUSTRATIVE
EMBODIMENTS

An exemplary brightness control device here described
adjusts the duty-cycle based on the actual supply voltage and
the characteristics of the LEDs, including the number of
LEDs 1n each LED group and therefore the forward voltage
of the LED groups, according to the following law:

Vin — ViED

(1)

DC, = DC, = kDC,

Ve — Viep

wherein DC . 1s the compensated duty-cycle, DC  1s the
standard, nominal duty-cycle, set at a nominal supply volt-
age V-, V5 1s the actual supply voltage, subject to mstant
variation, and V, ., 1s the forward voltage of a respective
LED group (sum of the voltage drops on all the series-
connected LED elements forming a LED group, as below
described). Of course, when the supply voltage V., 1s at the
nominal value V., (no voltage aflecting event, such as
ignition, actuation of an electrical load and so on, occurs),
the correction factor k 1s equal to 1 and the compensated
duty-cycle DC . 1s equal to the standard duty-cycle DC, .

FIG. 2 shows an embodiment of a brightness control
device 20 operating based on the above principle.

Brightness control device 20 1s coupled to a driver unit 29
including a plurality of LED drivers 30, each LED driver 30
in turn coupled to an own LED group 31. E.g., ten LED
groups 31 may be provided, each group comprising a
plurality of series-connected LED elements 32, e.g., ten, and
a resistor 33.

Brightness control device 20 comprises a processing unit
21 for performing a brightness control algorithm, e.g. a state
machine implemented as hardwired logic; a first register unit
22, for storing the nominal duty-cycle DC ; a second register
unit 23, for storing LED characteristics, including forward
voltage V., a third register unit 24, for storing compen-
sated duty-cycle DC ., and an ADC converter 25, the first,
second and third register units 22-24 and the ADC converter
25 being coupled to the processing unit 21.

In the embodiment of FIG. 2, standard duty-cycle DC
LED forward voltage V; . and the compensated duty-cycle
DC - are separately stored for each LED group 31, to allow
maximum flexibility and the possibility of using diflerent
LED groups 31 which have a different standard duty-cycle
DC, and/or a different LED forward voltage V, . and thus
use a different compensated duty-cycle DC...

To this end, first register unit 22 comprises a plurality of
nominal duty-cycle registers 36, each one associated to an
own LED group 31, coupled to input lines 35. Input lines 35
may be, e.g., implemented by an SPI bus. Fach nominal
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4

duty-cycle register 36 of the first register unit 22 may store
the respective standard duty-cycle DC, with a ten bit accu-
racy; the standard duty-cycle DC, being set at a nominal
supply voltage, e.g., at 10 V, and loaded from the outside
through the mput lines 35. At each adjustment cycle, as
described 1in more detail below with reference to FIG. 4, the
nominal duty-cycle registers 36 of the first register unit 22
supply the relevant standard duty-cycle values DC  to the
processing unit 21.

Second register unit 23 comprises a plurality of LED
characteristics registers 37, each one associated to an own
LED group 31, and a plurality of adjustment activation
memory elements 38, each one associated to an own LED
group 31. The register 37 and memory elements 38 of the
second register unit 23 are also coupled to the mput lines 35
and to the processing unit 21. Each characteristics register
37 may store the respective LED forward voltage V; .., with
a ten bit accuracy, as received from the outside, e.g. set in an
initial setting step of the apparatus including the brightness
control device 20. Each adjustment activation memory ele-
ment 38 may store a single activation bit for each LED group
31, each bit being indicative of whether brightness of the
respective LED group 31 1s to be compensated for supply
voltage.

Third register unit 24 comprises a plurality of compen-
sated duty-cycle registers 40, each one associated to an own
LED group 31 and coupled to an own LED dniver 30. Each
compensated duty-cycle register 40 of the third register unit
24 may store the respective compensated duty-cycle DC -
with a ten bit accuracy as computed by the processing unit
21 at each adjustment cycle, as described i more detail
below with reference to FIG. 4.

The ADC converter 25 1s a voltage measuring element
coupled to a supply voltage V , and generates a digital value
V. fed to the processing unit 21 to allow calculation of the
compensated duty-cycle DC -~ at each cycle, based on the
actual supply voltage, as described 1n more detail below with
reference to FIG. 4.

FIG. 3 shows an embodiment of a brightness control
device as part of an electrical load control system 100
intended, e.g., for automotive application. In FIG. 3, ele-
ments similar to the embodiment of FIG. 2 have been
indicated using the same reference numbers.

The electrical load control system 100 comprises a power
drive device 101, a microcontroller 102, LED groups 31 and
other loads 104, such as mirror adjustment motors, lock
control motors, direction indicator, other lightening ele-
ments.

The microcontroller 102 has a plurality of controller I/O
pins 102A coupled, through a number of respective connec-
tion lines 105, e.g. implemented by a Serial Peripheral
Interface bus, to power drive device 101.

Power drive device 101 may include the brightness con-
trol device 20 of FIG. 2; a logic and diagnostic unit 106;
drive unit 29 (should be indicated in FIG. 3), and other
drivers 108.

The power drive device 101 thus has a first plurality of
drive I/0O pins 101 A coupled with the connection lines 105,
the logic and diagnostic unit 106 and the brightness control
device 20; a second plurality of drive IO pins 101B coupled
with the other loads 104, and a third plurality of drive /O
pins 101C coupled with the driver umt 29 and the plurality
of LED groups 31.

Similar to FI1G. 2, brightness control device 20 comprises
the processing unit 21, e¢.g. a state machine implemented as
hardwired logic; the first register unit 22, for storing the
nominal duty-cycle DC ; the second register umt 23, for
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storing LED forward voltage V; ., the third register unit 24
tfor storing the compensated duty-cycle DC . and the ADC
converter 25 for acquiring the digital value V. of the actual
supply voltage. The processing unit 21, implementing the
algorithm for brightness control, may be a same element as
logic and diagnostic unit 106.

The logic and diagnostic unit 106 i1s coupled with the
other drivers 108 to control operation of the other loads 104.

The brightness control device 20 1s may operate as below
described with reference to FIG. 4.

In a setting phase (not shown), the first register units 22
are loaded with the nominal duty-cycle DC,, ; for each of the
LED groups 31 and the second register units 23 are loaded
with the LED forward voltage V, ., , for each of the LED
groups 31. In addition, 1f provided, the second register units
23 may be loaded with the single activation bit, for each of
the LED groups 31. The nominal supply voltage V ., 1s also
stored 1n the brightness control device 20.

In operation, at each compensation cycle, initially the
processing unit 21 reads the digital value V . of actual supply
voltage at the output of ADC converter 25, step 200. Then,
step 202, a LED group counter 1 1s mitialized to 1 and, step
204, the processing unit 21 checks whether adjusting 1s set
tor the specific 1-th LED group 31, by reading the content of
the relevant adjustment activation memory element 38.

If so (output Y from step 204), the nominal duty-cycle
DC, . and LED forward voltage V,,,, . in the first and
second registers 22, 23 for the respective LED group 31_7
are read, step 206, and the present, compensated duty-cycle
DC, , for the 1-th LED group 1s calculated, using the above
equation (1), and then stored 1n the respective third register
unit 24, step 208.

If no adjusting 1s set for the specific LED group 31 (output
N from step 204), the present duty-cycle DC_. . 1s set to be
the nominal duty-cycle DC_ ., step 214. i

Then, in both cases, step 210, the LED group counter i is
incremented and, step 212, it 1s verified whether the present
duty-cycle DC ., has been determined for each LED group
31. If no, output N from step 212, the processing unit 21
returns to step 204 to check whether adjusting 1s set for the
subsequent LED group 31; if yes, output Y from step 212,
the processing unit 21 returns to step 200.

The wvalues of the present (compensated) duty-cycle
DC, , loaded 1n the third register umt 24 are then used for
driving the LED groups 31.

The advantages of the present device and method are clear
from the above. In particular, it 1s underlined that the present
brightness control device and method achieves a real-time
adjustment of the brightness, without receiving control
signals from an external microprocessor and without involv-
ing relevant signal tratlic on the first plurality of drive I/O
pins 101 A. Thus, the job load for an external microprocessor
1s minimized; the trailic, in particular timing, on the con-
nection lines (e.g. SPI bus) 31, 105 1s minimized; no current
sensing elements are needed.

The solution 1s very flexible as the algorithm 1s located in
the brightness control device 20 and the parameter (nominal
duty-cycle, forward voltage of the LEDs) are programmable.

Therefore, any type of LEDs may be used, independently
from their characteristics, number of series-connected ele-
ments, and so on. The above applies also to any future
generations thereof, whose characteristic are not yet known.
In addition, the brightness control device 20 may operate at
supply voltages that are different from the nominal one V ;.

The nominal duty-cycle, e.g., 1ts time-variation including
any increasing or decreasing ramps, may be programmed
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through the connections lines (e.g. SPI bus) 31, 105, thus
allowing very high tlexibility in brightness.

A high number of LED groups may be compensated 1n
real time without direct drive inputs.

The present brightness control device has a low power
dissipation, much lower than the solution based on the
measure of the current 1n the loads.

Finally, it 1s clear that numerous variations and modifi-
cations may be made to device and method described and

illustrated herein, all falling within the scope of the mnven-
tion as defined 1n the attached claims.

For example, in case the nominal duty-cycle 1s same for
all LED groups, a single register may be provided 1n the first
register unit 22. Analogously, activation/deactivation of the
LED groups may be set for all LED groups, thus using a
single adjustment activation memory element 38 for all LED
groups.

What 1s claimed 1s:

1. An mtegrated device for driving a lighting load, the

integrated device comprising:

a first memory element configured to store a nominal
duty-cycle at a nominal supply voltage;

an actual voltage acquisition element configured to detect
an actual supply voltage;

a processing unit coupled to the first memory element and
to the actual voltage acquisition element, the process-
ing unit configured to calculate a voltage compensated
duty-cycle;

a driver unit coupled to the processing unit and configured
to be supplied according to the voltage compensated
duty-cycle;

a second memory element coupled to the processing unit
and configured to store the voltage compensated duty-
cycle; and

a third memory element coupled to the processing unit,
the third memory element configured to store a load
characteristic value;

wherein the processing umt 1s configured to calculate a
voltage compensated duty-cycle DC_- according to
equation:

wherein DC,; 1s the nominal duty-cycle, V -, 1s the nomi-
nal supply voltage, V,,.,, 1s the load characteristic
value, and V5 1s the actual supply voltage.

2. The integrated device according to claim 1, wherein the
load characteristic value comprises a load voltage drop.

3. The integrated device according to claim 1, further
comprising a plurality of load terminals coupled to the driver
unmit and configured to be coupled to a plurality of lighting
loads, the driver unit comprising a plurality of driver ele-
ments, each driver element being coupled to a respective
load terminal.

4. The integrated device according to claim 3, wherein the
first memory eclement comprises a plurality of nominal
duty-cycle registers, each nominal duty-cycle register being
associated to a respective drive element and a respective
load terminal.

5. The integrated device according to claim 3, further
comprising a plurality of characteristics registers, each char-
acteristics register being associated to a respective drive
clement and a respective load terminal.
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6. The mtegrated device according to claim 3, further
comprising an adjustment activation memory configured to
store an activation bit indicative of whether brightness of the
lighting load 1s to be compensated for supply voltage.

7. The mtegrated device according to claim 6, wherein the
adjustment activation memory comprises a plurality of
adjustment activation memory eclements, each adjustment
activation memory element being associated to a respective
driver and a respective load terminal.

8. The mtegrated device according to claim 1, wherein the
integrated device further comprises a plurality of load ter-
minals coupled to the driver unit and configured to be
coupled to a plurality of lighting loads, the driver umnit
comprising a plurality of driver elements, each drniver ele-
ment being coupled to a respective load terminal;

wherein the first memory element comprises a plurality of

nominal duty-cycle registers, each nominal duty-cycle
register being associated to a respective drive element

and a respective load terminal;

wherein the integrated device further comprises a plural-
ity ol characteristics registers, each characteristics reg-
ister being associated to a respective drive element and
a respective load terminal;

wherein the integrated device further comprises an adjust-
ment activation memory configured to store an activa-
tion bit indicative of whether brightness of the lighting
load 1s to be compensated for supply voltage; and

wherein the adjustment activation memory comprises a
plurality of adjustment activation memory elements,
cach adjustment activation memory element being
associated to a respective driver and a respective load
terminal.

9. The mtegrated device according to claim 1, wherein the
first memory element and the third memory element are
configured to be coupled to a microcontroller through an SPI
bus.

10. The integrated device according to claim 1, wherein
the actual voltage acquisition element comprises an AD
converter configured to be coupled to a power supply.

11. The integrated device according to claim 1, wherein
the processing unit comprises a state machine implemented
as hardwired logic.

12. An integrated device for driving a lighting load, the
integrated device comprising:

a supply voltage node;

an analog-to-digital converter with an analog input
coupled to the supply voltage node;

a nominal duty cycle register that stores a nominal duty-
cycle at a nominal supply voltage;

a hardwired logic circuit coupled to a digital output of the
analog-to-digital converter and to the nominal duty
cycle register, the hardwired logic circuit configured to
implement a state machine to calculate a voltage com-
pensated duty-cycle;

a characteristic register coupled to the hardwired logic
circuit and configured to store a load voltage drop;

a compensated duty-cycle register coupled to the hard-
wired logic circuit to store the voltage compensated
duty-cycle;

a drniver element coupled to the supply voltage node and
the compensated duty-cycle register; and

a load terminal configured to be connected to a lighting
load:;

wherein the integrated device 1s configured to calculate
the voltage compensated duty-cycle DC . according to
equation:
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wherein DC,; 1s the nominal duty-cycle, V -, 1s the nomi-
nal supply voltage, V, ., 1s a load characteristic value,
and V ; 1s an actual supply voltage.

13. The integrated device according to claim 12, wherein
the integrated device comprises a plurality of load terminals
and a plurality of driver elements, each dniver element
configured to be coupled to an associated lighting load via
a respective load terminal.

14. The integrated device according to claim 13, wherein
the integrated device comprises a plurality of nominal
duty-cycle registers, each nominal duty-cycle register being
associated with a respective drive element and a respective
load terminal.

15. The integrated device according to claim 13, wherein
the integrated device comprises a plurality of characteristics
registers, each characteristics register being associated with
a respective drive element and a respective load terminal and
being configured to store a load voltage drop for the respec-
tive drive element.

16. The integrated device according to claim 13, further
comprising a plurality of adjustment activation registers,
cach adjustment activation register being associated to a
respective driver and a respective load terminal and config-
ured to store an activation bit imndicative of whether bright-
ness of an associated lighting load 1s to be compensated for
supply voltage.

17. An LED driver comprising:

a first output terminal configured to be coupled to a first
LED;

a first driver circuit coupled to the first output terminal;
and
a brightness control device configured to:

receive a nominal duty-cycle at a nominal supply

voltage,

receive an actual supply voltage,

calculate a voltage compensated duty-cycle based on

the nominal duty-cycle and the actual supply volt-
age, and

control switching of a voltage of the first output ter-

minal with pulse width modulation based on the
voltage compensated duty-cycle, wherein calculat-
ing the voltage compensated duty-cycle comprises
calculating the voltage compensated duty-cycle
according to equation:

wherein DC, 1s the nominal duty-cycle, V ., 1s the nominal
supply voltage, V, ., 1s a load characteristic value, and V
1s the actual supply voltage.

18. The LED driver according to claim 17, further com-
prising an analog-to-digital converter coupled to the bright-
ness control device, the analog-to-digital converter config-
ured to provide the actual supply voltage, wherein the
brightness control device comprises a compensated duty-
cycle register configured to store the voltage compensated
duty-cycle.

19. The LED dniver according to claim 18, wherein the
brightness control device further comprises a second register
configured to store the load characteristic value.
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20. The LED dniver according to claim 19, wherein the
brightness control device further comprises a state machine
coupled to the compensated duty-cycle register, the second
register, and the analog-to-digital converter, the state
machine being implemented as hardwired logic.

21. The LED dniver according to claim 19, wherein the
second register comprises an adjustment activation memory
bit indicative of whether brightness of the first LED 1s to be
compensated for supply voltage.

22. The LED dniver according to claim 17, further com-
prising the first LED.

23. The LED dniver according to claim 22, wherein the
first LED comprises a plurality of LEDs coupled 1n series.

24. The LED dniver according to claim 17, wherein the
load characteristic value comprises a load voltage drop.

% x *H % o
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